Objective. To examine the cause of death in a large UK inception cohort of rheumatoid arthritis (RA), and whether this was related to disease duration and severity, treatment effects or extra-articular features and complications of RA. Methods. Standard clinical, laboratory, radiological and socio-economic measures were recorded at baseline and yearly in an inception cohort started in nine centres in 1986. Date and the cause of death were based on death certificates and the comparisons made with age and sex matched population figures. Risk factors for mortality were identified from baseline measures of disease.
Introduction
Mortality in rheumatoid arthritis (RA) has been increasingly studied over the last few decades, with most studies showing higher mortality rates than general populations. Most have been mainly hospital based in established RA and although many demonstrated increased standard mortality ratios (SMR), these have ranged widely from 149 to 308, summarized in a recent extensive review [1] . There are fewer reports from inception cohorts, and SMR in these are generally lower (87-184) [2] [3] [4] [5] [6] . In fact, recent inception cohorts in northern Europeans did not detect any increase in mortality in early RA [2] [3] [4] . Explanations include improved therapies started sooner, but the earlier and milder type of RA recruited to inception cohorts is another possibility [7] . Disease severity has been associated with mortality [8] , but the expectation that changes in number and use of disease modifying drugs over the last two decades would be reflected in improved long-term outcomes has not been fully realized [9] .
A cross-sectional UK study reported that deaths from cancer, respiratory and cardiovascular causes were all increased in RA [10] . Significant mortality has been reported from non-steroidal antiinflammatory drugs (NSAIDs) and corticosteroids, but diseasemodifying anti-rheumatic drugs (DMARDs)-related deaths are low [11] . Conditions that may contribute to mortality include complications and extra-articular features of RA. However, most recent studies have shown that the increased mortality in RA is mainly from cardiovascular disease (CVD) [1, 12] , not only in established disease, but also in some inception cohorts [5, 6] .
Age and sex have been the most consistent predictors for mortality reported in RA, whereas disease specific features such as severity of RA [8] , inflammatory markers [13] , functional disability [14] and rheumatoid factor (RF) [5] have variable prognostic importance. This is an important area because of the possibility of identifying and targeting patients at risk in order to reduce mortality in RA. This is especially relevant for ischaemic heart disease (IHD), for which traditional risk factors do not fully explain the increased mortality in RA [1] .
The early RA study (ERAS), an inception cohort started in 1986, aimed to measure several dimensions of outcome over time [15] . The size of the cohort and length of follow-up have made it possible to examine whether mortality in RA patients, treated with optimal therapies accepted as part of standard practice for the late 1980s to early 2000s, is increased in an inception cohort design, and whether it is related to severity and duration of disease. Secondary aims were to examine causes of death in detail to establish whether these were attributed to RA, its complications or treatment, and to identify early clinical risk factors.
Patients, materials and methods
Since 1986, consecutive patients diagnosed with RA were recruited from nine centres representing all social strata in England. Entry criteria included <2 yrs of symptoms and no prior treatment with DMARDs. Presentation features included onset, family and medical histories. Baseline and yearly assessments included standard clinical, laboratory, functional and socioeconomic details, as described previously [16] . These included American College Rheumatology (ACR) criteria [17] , swollen and tender joint counts [15] , Health Assessment Questionnaire (HAQ) [18] , erythrocyte sedimentation rate (ESR), RF and antinuclear antibodies (ANA) titres, body mass index (BMI) (height Â height/weight) and hand/feet radiographs [19] . ERAS started before minimum core data sets for disease activity, and response criteria in RA were agreed internationally, but in fact all components of these were used from the start, except for the patients' and the physicians' global assessments. We used the original three variable disease activity score (DAS) based on swollen and tender joint counts and ESR [20] . Clinicians recorded extra-articular RA (ExRA) and coexistent medical conditions yearly, causes of death if known and all in-patient episodes [21] . At the start of the study in 1986, the importance of cigarette smoking was not fully appreciated, and was not recorded prospectively. Although added later, it was not always possible to obtain retrospectively in those who had died or moved.
Death certificates
All ERAS patients were tracked by the National Health Service Central Register, which holds computerized records of all patients registered with general practitioners in England and Wales. The date and main cause of death were based on death certificates that allow the recording of three other contributing causes and three comorbid conditions. These were provided and coded by the Office for National Statistics (ONS) using International Classification for Disease (ICD)-10. Only patients who moved from the UK permanently would fail to be recorded under this system. Most died in hospital (n ¼ 328, 71%) or nursing homes (n ¼ 21, 4.5%), 99 (22%) had autopsies and general practitioners signed the remaining death certificates. Five death certificates were not available. Because of reported problems with their reliability as indicators for cause of death [22] , certificate details were cross-referenced with the ERAS database, and medical records for pre-morbid conditions and hospital episodes, available in 325 (71%). Discrepancies were low (n ¼ 9) for primary cause of death. There was less agreement for secondary causes (see 'Results').
Treatment profiles
All centres followed the framework of UK guidelines for management of RA [23] . Sequential monotherapy was standard practice, 'step up' combination therapy reserved for more severe disease. A total of 1191 (84%) patients received at least one DMARD, started at a median 2 months from presentation (68% by 3 months and 87% by 12 months), consistent with the group's early treatment practice of this era. Remaining patients (16%) were managed with NSAIDs and/or low-dose steroids. Drugs used were sulphasalazine (54%), methotrexate (18%), intramuscular gold (13%), D-penicillamine (9%), antimalarials (4%) and various others (2%). Of the DMARD-treated patients, 55% had more than one. Steroids in doses greater than 5 mg daily for at least 12 months were used in 249 (17%).
Statistical analysis
Computer-generated summary statistics have been used to demonstrate baseline clinical features. Age-and sex-specific mortality rates for England and Wales populations in 1986-2002 were obtained from the ONS [24] . Since only 31 patients under 25 (2%) entered the study, we used only patients aged 25 or older in the subsequent analysis. Age of entry was stratified in 10 yearly intervals resulting in seven age categories (the last being 85þ). Survival experience for each of the 14 cohorts (age by sex) was tabulated. Poisson distribution was used to obtain SEs. Cumulative survival was then directly standardized to standard European population 25þ yrs old to obtain cumulative survival and its SE. Lower and upper limits for a 95% confidence interval (CI) for survival are based on a normal approximation. Expected survival is based on average survival rates for England and Wales for the last 17 yrs. All cause and cause-specific SMR were calculated using the statistical package STATA-9, where numbers were sufficient and data were available from ONS. In univariate analysis, odds ratios with 95% CIs were calculated to determine baseline clinical risk factors for mortality. For continuous variables, worst quartiles were used as cut off. Multivariate analysis was performed using Cox regression.
Results

Demography of ERAS cohort
There were 459 deaths (32%) in 1429 patients recruited from 1986 to 1997, 190 men (41%) and 269 women (59%). Mean age at presentation was 57 in men and 54 in women. Median duration of symptoms to initial visit was 6 months indicating early disease, median follow-up was 9.1 yrs, maximum 19 yrs. Table 1 summarizes baseline features of the whole cohort. These are similar to other early RA studies.
Survival
All-cause SMR was 1.27 (1.04-1.46). Final results of the analysis of mortality in ERAS are shown in Fig. 1 . This shows that the survival of the ERAS population was lower than that expected for the first 7 yrs. Table 2 shows SMR in broad categories of cause of death. IHD was mainly responsible for reduced survival in this cohort. Table 3 shows actual causes of death by age and mean duration of RA. Unexpected findings were early death in women from cardiovascular and respiratory conditions, mainly IHD and pulmonary fibrosis (PF). RA was recorded on death certificates in 82 patients 
Cause of death
(18%), 17 as contributory and 65 as comorbidity, but never as main cause of death.
Cardiovascular disease
IHD was the single most common primary cause of death (n ¼ 109, 24%). SMR was 1.49 (121-177). It was a secondary cause of death in another 13 and a comorbid condition on death certificates in six. Cardiac and non-cardiac vascular disease (aortic aneurysm, thrombo-embolism, stroke and reno-vascular) were primary cause of death in a total of 181 (39%) patients, and recorded as secondary or comorbidity in another 16 (6%) deaths. Mean survival from baseline was 1-2 yrs lower in IHD compared with other major categories (Table 3) and to all other deaths combined (8.7 yrs). Five-year survival was 41% in IHD compared with 69% from other causes. IHD was mainly responsible for the early mortality demonstrated in Fig. 1 . IHD was a known comorbid condition at presentation in 18 (16.5%) patients who died of IHD, and in a further 16 (15%) by 3 yrs.
Malignancy (solid tumours 20% and neoplasia of immune system 3.7%)
Cancer mortality was similar to population figures except for non-Hodgkins lymphoma (NHL), a primary cause of death in 11 (2.3%) and a secondary cause in two. Because of the missing smoking data, it was not possible to obtain the adjusted rates for lung cancer.
Deaths related to drug therapy, extra-articular and complications of RA ExRA was a primary or secondary cause of death in 27 (6%). Complications of RA were contributory in eight.
Pulmonary fibrosis (PF)
This was primary in 18, secondary in five [three CVD and two chronic obstructive pulmonary disease (COPD) deaths] and contributory in three other deaths. In another nine patients who died of other causes, PF was a comorbid condition on the ERAS database but not on death certificates. Of the 26 with PF on death certificates, 17 already had a clinical diagnosis, three at presentation and 10 within 3 yrs of follow-up (mean 30 months). In nine, the diagnosis was only made terminally or at autopsy. Only one patient had scleroderma also. Women died from PF at earlier ages (66 yrs, Table 3 ) and also had earlier age of onset of RA (58 yrs). A total of 13 (50%) had received steroids, 22 (85%) were on DMARDs, 10 received methotrexate, nine with a diagnosis of PF prior to therapy and none developed pneumonitis.
Vasculitis
RA associated systemic vasculitis (1) and Wegener's Granulomatosis (2) were the secondary causes on three death certificates. A total of 19 deceased patients had major extraarticular conditions diagnosed clinically, but not recorded on death certificates: vasculitis (10 systemic, one ocular/cutaneous), neuromyopathies (6) and Felty's syndrome (2) . Although limited by numbers, associations with specific mortality groups (e.g. IHD)
were not seen.
Other extra-articular and complications of RA One patient died from a myopathy. The deceased patients had more extra-articular conditions in the first year than those alive (25 and 15%, Table 1 ). Except for ExRA described earlier, these were not recorded on death certificates. Sjogren's syndrome was equally present in deceased and alive patients (10%), and present in two lymphoma deaths. RA complications were recorded on 10 certificates, all septicaemia deaths: septic arthritis (3), hip fracture (5) and chronic leg ulcers (2) . On the ERAS database, 23 deceased patients had sustained fractures (16 hip, four vertebral and three other), 13 within 12 months of death due to pneumonia (6), stroke (4), CVD (2) and septicaemia (1). Nine were or had been on steroids. There were no immediate post-operative orthopaedic deaths. Of the 20 patients with known cervical spine subluxation, seven died, none with cervical myelopathy.
Drug related deaths
Gastrointestinal (GI) haemorrhage and/or perforations were the primary causes of death in 14 (10 upper, four lower GI) and contributory in three. All except one had been on long-term or recent NSAIDs, and two on steroids. Although not cited in death certificates, eight were considered NSAID related by attending rheumatologists. Upper GI haemorrhage was diagnosed clinically in a further nine patients (from ERAS database) who died of other causes, but not noted on death certificates. We reviewed deceased patients carefully for any other drug attributed deaths, on death certificates and the ERAS database. DMARDs were used in 361 (81%) patients who died, totalling 625 new DMARD starts. Drug-induced blood dyscrasias were not implicated in any deaths. Of the 21 septicaemia deaths, neither DMARDs (n ¼ 17) nor steroids (n ¼ 5) were implicated on death certificates, but steroid toxicity was implicated by ERAS clinicians in six of these patients, one complicated by systemic vasculitis. None of the three with septic arthritis followed intra-articular steroids. The ERAS database recorded one Gold induced and two NSAID nephropathies in renal deaths (eight primary, four secondary), but these were not implicated on death certificates.
Risk factors for mortality
Patients who died had worse function and erosive RA, less favourable socio-economic status and more extra-articular RA or other comorbid conditions at presentation. Table 1 also shows that HAQ, DAS and ESR were worse in these patients, but in fact all baseline and 1-yr clinical and laboratory measures of function and inflammatory activity were worse, and to a similar degree, across all broad categories of death except for solid tumours. Steroids were used for 3-5 yrs in 14% of the living patients, compared with 20-24% in all mortality categories except for the 47% in PF deaths. Time to first DMARD and their use during the first 3-5 yrs was similar between all the mortality categories (data not shown), except for greater use in PF and NHL deaths. The latter all received DMARDs early, seven more than one, because of more severe RA (mean DAS ¼ 4.4, mean HAQ ¼ 1.4). Six had methotrexate and two, azathiaprine. Table 4 shows all baseline variables with predictive value for all-cause mortality. The odds ratios were similar for CVD, stroke and respiratory deaths when analysed separately. No significant differences were seen between early and late CVD deaths. Most variables at 1 yr had improved predictive value, similar to other outcome studies from this group [19, 21] .
Univariate analysis
Multivariate analysis
All baseline and 1 yr measures were included in regression models in patients with all these variables (n ¼ 1272). Table 5 shows the most powerful independent predictors for mortality developed from stepwise Cox regression. Controlling for number of DMARDs, steroids and comorbidities in the first year made little difference. For CVD deaths alone, independent predictors were the same, except for the exclusion of haemoglobin.
HAQ was included in the model at 1 yr and Fig. 2 shows survival curves by 1st yr HAQ.
Discussion
In this UK inception cohort, a modest increase in all-cause mortality was found in RA, with survival noticeably reduced in the first 7 yrs of disease. This was in patients in general hospital settings, with disease onset in the late 1980s/90s, and prior to the biological era. Cause of death was similar to the general population, except for increases in infections, non-Hodgkin's lymphoma, pulmonary fibrosis and CVD, especially IHD in the first 7 yrs. RA-related conditions were primary or secondary causes of death in a total of 35 (8%), mainly PF (n ¼ 27, 6%). Apart from NSAID-related GI deaths (n ¼ 8), we found no definite evidence of drug-related mortality. Deaths attributable to steroids, including septicaemia and osteoporotic hip fractures were uncertain, but not high. Extra-articular features and complications of RA were under reported on death certificates. Mortality studies differ in mortality rates for both early and established RA, and to the degree to which cardiovascular disease contributes to any excesses [1, 12] . The different study designs (inception, prospective but not early RA or cross sectional studies, clinic-based or population cohorts) and variations in sample sizes, follow-up periods and geographic areas may explain some of these differences and why SMR vary so much. In addition, ORs based on whole cohort. Missing data for each variable was <5% except: BMI 11% (n ¼ 141) and smoking 37% (n ¼ 521).
a See [16] . treatment practices have changed over the periods of study. The more recent studies reflect increased and early referral to secondary care, earlier use of DMARDs, especially methotrexate and greater emphasis on tighter disease control. Increasing awareness of risk management for comorbidities may be another factor [1, 8] . There have been relatively fewer reports from inception cohorts. In the UK, the earliest, started in the 1960s, had good follow-up (15-25 yrs) and reported modest increases in mortality, but in only around 100 patients each [25, 26] . Mortality was increased and mainly due to CVD in studies from Stockport [6] , from a community-based study of inflammatory polyarthritis in Norfolk [5] , and now in our study of nine centres in central and southern England reported here. In contrast, RA inception cohorts started in the late 1980s in northern Europe reported no increase in mortality [2] [3] [4] . The latter two had comparable study designs to ERAS and also followed similar management practice of the 1980/90s, which included the early use of sequential or combined DMARDs. These cohorts were much smaller than ERAS, included only RA with <12 months symptoms and according to HAQ their disease was milder at baseline. These observations would tend to support a design rather than a treatment effect [7] , although the latter remains a possibility. In recent years, considerable attention has been drawn to the increase in cardiac mortality in RA because the inflammatory process itself may play an important role in the development of IHD [27] . Thus the possibility of better disease control could influence this outcome, although the results from observational studies vary [9, 28] . We have shown here that disease activity including ESR was increased during the first year in IHD deaths, but also in all other major categories of death except solid tumours. Inflammatory markers including C-reactive protein (CRP) have been identified as independent risk factors for IHD [29] . Controlling inflammation may well reduce the risk of IHD, despite therapies which themselves may contribute to atherogenesis. Steroid use was not a risk factor for cardiovascular mortality in this study, although it was for all-cause mortality (Table 4) , but these patients did have more severe disease when started on treatment. Exposure to anti-tumour necrosis factor-(TNF-) and COX2 drugs was very low at time of study. There is a complicated relationship between inflammatory activity, disease severity and drug therapies used in RA with death from cardiovascular causes, which is not fully understood [1, 30, 31] . Our findings so far do highlight the increased cardiovascular mortality in both sexes, especially for IHD in the early years of RA, for which one possible explanation is inflammatory activity.
The effect of drug therapies, complex and possible beneficial or adverse cardiovascular effects of steroids, DMARDs and NSAIDs and how these interact with genetic factors and classic risk factors like hypertension, smoking and weight are currently under investigation in a subgroup of the ERAS cohort [32] .
Other causes of death increased in RA in the literature include infections, respiratory disorders, cancer, lymphomas and stroke [10, 33] . Although we report high-SMR for septicaemia and renal failure, these need careful interpretation as absolute numbers were small and 95% CI wide. Mortality from respiratory causes and especially PF (6% with secondary causes) was higher than other inception cohorts for reasons that are not clear. No associations with drug therapies were found, but disease activity measures like ESR were raised, as seen for all-cause mortality ( Table 4) . Clinical detection of PF is reported in <5% in RA, although high-resolution computerized tomography (HRCT) improves on this [34] . It was the third most common condition in a retrospective study of extra-articular RA (cumulative incidence 6.8%) [35] . The natural history of PF and RA has not been well-studied, although idiopathic PF is known to have a poor prognosis (median survival 3-5 yrs). Whether PF with RA has a better prognosis is debated, although there are differences in HRCT early on [36] . As PF was often recognized clinically early in disease, it raises the issue of pulmonary screening tests and consideration of more aggressive interventional approaches. RA is associated with a variety of interstitial lung conditions and concern is emerging regarding respiratory complications of DMARDs alone and in combination with anti-TNF-therapy [37] . Our findings do not implicate methotrexate in the aetiology of PF, nor that it has an adverse effect on established disease, but clearly it should be used with caution in these clinical situations. Preliminary results from the British Society of Rheumatology (BSR) Biologics Register suggest that increased mortality from PF is probably not explained by anti-TNF-therapy [38] .
Our study design and small numbers prevents analysis of the relative effect of severity of RA and use of immunosuppressive drugs on the increased risk of developing NHL, although our results support the recent editorial summarizing the evidence for high-cumulative disease activity as a factor in the increase of NHL in RA [39] .
DMARD effects are recorded prospectively in ERAS patients, and we have been careful to determine possible associations between DMARDs, comorbidity and mortality. No evidence for such fatalities, either on death certificates or from clinical records was found, similar to a large cross-sectional study, which did, however, report frequent fatal side effects from NSAIDs as well as corticosteroids [11] . In our study, eight patients died from upper gastrointestinal haemorrhages and perforations, all with long-term or recent exposure to NSAIDs. Deaths attributable to steroid use were uncertain and possibly under reported. The figures we report here will be valuable when the long-term safety of biological therapies undergoes evaluation.
Early predictive factors of all-cause mortality were men, elderly, unfavourable socio-economic status, worse functional and disease activity measures, steroid use in the 1st yr, and presence of extra articular features, nodules and coexistent medical conditions. These retained their predictive power, albeit reduced, for CVD, respiratory disorders and stroke. This supports reports that mortality is increased the more aggressive the RA [8] . We have previously reported the value of HAQ [15, 40, 41] , especially at 1 yr, ESR and haemoglobin [19, 21] and socioeconomic status [16] for functional, radiological, orthopaedic and socio-economic outcomes. HAQ has been found to predict premature mortality in RA [8, 14] and Callahan et al. [42] reported increasing mortality with increasing HAQ. We have previously reported that HAQ initially improves from baseline over the first few years of RA [15, 41] , so our finding here that first year HAQ has greater prognostic value than at baseline for both all-cause mortality and CVD is important and could be useful for clinicians. All these measures could be easily collected in ordinary clinics to identify risk groups.
It is increasingly observed from the literature that comorbidity contributes an important role in RA outcomes [1, 12, 43, 44] . Presence of another disease process itself may not increase the severity of the RA nor change RA specific outcomes [43] , but RA may worsen or hasten a comorbidity, as Pincus et al. [44] claim for IHD. Socio-economic status and certain patient groups are known to influence access to medical care. Women and the elderly appear less likely to receive potentially life-saving treatment for IHD [45, 46] . Admission rates for IHD in RA were not increased despite increased mortality from this [6] . In our study, of those who died of IHD, the clinical diagnosis had already been made by, or within 3 yrs of presentation in 32% of patients. In PF deaths, 50% had a clinical diagnosis in this time.
The numbers of comorbid and extra-articular conditions within the first year of baseline were both predictors of mortality in this report. The results from these and our own study highlight the need by rheumatologists to treat active RA early and effectively [44] , and identify those patients who are at additional risk from the coexistent conditions and treat them actively or with preventative measures accordingly. This applies especially to cardiovascular comorbidity [1, 12] and from our study should include pulmonary fibrosis.
Strengths of this study include the length of follow-up (maximum 18, median 9 yrs) in an inception cohort design. This does allow study of a wider spectrum of RA and is more likely to retain patients with definite but milder disease, some of whom achieve prolonged remission. This reflects more accurately the varied severity and prognosis in RA. Retrospective studies may well be biased towards the more severe patients, who would be more likely to be retained in the clinic setting, partly because of comorbidity. The ERAS centres include patients from a wide variation in socio-economic backgrounds in England [16] , all being general hospitals rather than tertiary referral centres. These patients are likely to represent those of a typical secondary care setting followed from the late 1980s onwards, and treated with standard therapies of this era. There are problems with mortality studies because of the inherent inaccuracy of death certificates and the under reporting of chronic conditions [22] . This is borne out by our finding that only 18% of the certificates recorded RA, and highlights the need for better training in death certification. However, we had near complete death certification, and were able to confirm the majority of death certificates by cross-reference with the medical case notes and ERAS database. Other possible concerns include left-censorship and case selection, because it is a hospital clinic-based study, although one UK community-based study of inflammatory polyarthritis reported similar findings [5] . Since the patients were not randomized, it has not been possible to account for treatment effects. Except in pulmonary fibrosis and lymphoma, no clear cut differences were observed in number of and time to the first DMARD. From our results it appears unlikely that DMARD or steroid use could explain the worse survival for IHD.
In summary, RA carries a modest but definite increased risk of mortality in the first seven years of disease, and is associated with markers of disease severity and function apparent within the first year of RA. Further consideration needs to be given to tighter disease control in early RA, and to early diagnosis and management of comorbidities, especially IHD and pulmonary fibrosis.
